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Abstract

This is a presentation of a "work-in-progress”, on
which which we are still working out many details,
but which we feel may still be of interest to the com-
munity.

We consider the Recitilinear Minimum Bends Path
Problem among Rectilinear Obstacles in Three Di-
mensions. The problem is well studied in two di-
mensions, but is relatively unexplored in higher di-
mensions. We give an algorithm which solves the
problem in worst-case O(n°/?log?(n)) time. Previ-
ously known algorithms have a worst-case running
time of O(n3) [1].

The Rectilinear Minimum Bends Path problem
has been considered by several authors for over a
decade. The problem attempts to find the path among
obstacles between two points which minimizes the
number of times a turn is made. The algorithms of
Mitchell, et al., and independently of Lee, et al. solve
the two-dimensional problem in O(nlog(n)) time,
where n is the number of corners among all obsta-
cles[5,4,3,8,9,2,6,7].

Here we investigate the problem in higher di-
mensions.  In particular we consider the three-
dimensional problem. This version of the problem
has direct applications in robotics.
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Our general approach to this problem will be to
think of it in the graph theoretic sense as much as
possible. Thus our method is to first translate the
input into a graph, and then to use techniques from
known graph algorithms. Translating the input into a
graph is accomplished by mapping obstacle faces to
graph nodes. This allows us to consider paths which
move between obstacle faces, and represent them as
paths through the graph.

An important aspect of this approach is our ability
to prove that it is sufficient to consider only these
types of paths. That is, that we only need to consider
those paths which move between obstacle faces.

We show how to find an optimal path which
touches an obstacle face often enough, so that we can
bound the number of bends between segments which
touch an obstacle face. Thus adjacent nodes in the
corresponding graph are those which can be reached
by a path having a bounded number of bends. Edges
between such nodes can then be weighted by the
number of bends between the corresponding obsta-
cle faces.

Here is an overview of our method:

e Translate the set of obstacle faces into nodes
of a graph. Include the starting and finishing
points in this set.

e Create a set of explored nodes, which initially
contains only the starting point. Mark this node
as unexpanded, having bend distance zero.

e Repeat the following until the finishing point is



explored or there are no new nodes reachable.

— Choose a node, x, from the set of ex-
plored, unexpanded nodes, having the
minimum bend distance in this set.

— Expand z, finding all nodes which it is ad-
jacent to.

— For each node y found

x If y is unexplored and unexpanded
then mark it as explored and unex-
panded. Set bend_distance(y) =
bend_distance(x) + 1.

« If gy is unexplored and ex-
panded  bend_distance(y) =
min(bend_distance(y),
bend_distance(x) + 1).

— Mark x as expanded.

The similarities between the Minimum Bends Path
Problem and the Shortest Path Problem allow us to
use many methods from Dijkstra’s well known solu-
tion to the Shortest Path Problem. An essential fea-
ture of Dijkstra’s algorithm is the existence of a pri-
ority queue containing nodes from the graph. This is
indexed by a key value, and our choice for the key
is the number of bends it takes to reach the location.
Thus, a single “location” should represent a homo-
geneous region of space, all of which can be reached
with the same number of bends.

Due to the possibility of adjacent obstacles, differ-
ent regions of the same face may be reachable with
different numbers of bends. Therefore, we cannot
make a direct, one-to-one mapping between obstacle
faces and “locations”.

Each of the O(n) faces has the potential to be par-
titioned by any or all of the O(n) obstructing obsta-
cles approaching the plane containing the face from
the opposite side. It follows that each face can be
partitioned into as many as O(n) separate regions,
for a total of O(n?) regions.

We are able to reduce this somewhat by notic-
ing that a pair of coplanar rectangular regions can
be joined into a single, larger region, if there are
no obstructing obstacles within the region. We can
show that this reduces the total number of regions
to O(n%/?). It is these regions which we use as our
“locations”.

Each invocation of our implementation of the ex-
pand step, runs in O(nlog?(n)) time. Since it will
be called O(n?/?) times, the expand step has an to-
tal running time of O(n°/?log?(n)). It is this step
which dominates the overall running time of the al-
gorithm.
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